Tocotrienol rich fraction (TRF) is an extract of palm oil, which consists of 25 alpha tocopherol (α-TCP) and 75 tocotrienols. TRF has been shown to possess potent antioxidant, anti-infl ammatory, anticancer, neuroprotection, and cholesterol lowering activities. Glutamate is the main excitatory amino acid neurotransmitter in the central nervous system of mammalian, which can be excitotoxic, and it has been suggested to play a key role in neurodegenerative disorders like Parkinson' s and Alzheimer' s diseases. In this present study, the eff ects of vitamin E (TRF and α-TCP) in protecting astrocytes against glutamate injury were elucidated. Astrocytes induced with 180 mM of glutamate lead to signifi cant cell death. However, glutamate mediated cytotoxicity was diminished via pre and post supplementation of TRF and α-TCP. Hence, vitamin E acted as a potent antioxidant agent in recovering mitochondrial injury due to elevated oxidative stress, and enhanced better survivability upon glutamate toxicity.
INTRODUCTION
Th e expansion of an in vitro model for the early stages of neurodegenerative disease is a current inevitability. Neurodegenerative disease is one of the leading causes of death throughout the world [1] . It has been considered as one of the major problems for our aging society and well-defi ned as a group of illnesses of the nervous system, which comprises of brain, spinal cord, as well as peripheral nerves [1] . Degenerative nerve diseases result in the deterioration of several human body activities like talking, balancing, moving, breathing, and cardiac function [2] . Oxidative stress and reactive oxygen species (ROS) have been implicated in the development of neurodegenerative diseases [3] . An in vitro model of these processes would improve our understanding of the development of neurodegenerative diseases, and enhance the development of further treatments.
Astrocytes are predominant cell types in the brain [4] and play a critical role in maintaining synaptic transmission, antioxidant defense, metabolic and ionic homeostasis, and trophic support, as well as protection of neurons [5] . Glutamate is a principal excitatory amino acid neurotransmitter, which is a messenger molecule that is released when nerve cells pass signals to each other and to their target organ. Like all neurotransmitters, glutamate harbor at specifi c recognition molecules on the receiving neuron, and plays an important role in most forms of neurodegenerative diseases, especially when there is an increased concentration of extracellular glutamate [6] .
Since the brain consists of easily oxidized lipid and has a large oxygen consumption rate, they are consistently defi cient of antioxidant contents. Brain is susceptible towards oxidative injury, which will further damage the cell lipid, protein, and DNA [7] . Oxidative stress also plays a role in the modulation of critical cellular functions, such as apoptosis program activation, ion transport, and calcium mobilization, which lead to cell death [8, 9] . Th us, several studies have been carried out to prevent nerve cell death caused by oxidative stress through the administration of free radical scavenging antioxidant, such as vitamin E. Vitamin E is a well-known chain-breaking  antioxidant, with the ability to increase the viability of neuronal cells that had undergone glutamate injury [10] .
Vitamin E is composed of eight diff erent isoforms, four tocopherols (α-, β-, γ-, δ-), and four tocotrienols (α-, β-, γ-, δ-), which have been identifi ed with neuroprotective properties. In human, the presence of alpha-tocopherol transfer protein (α-TTP) renders the bioavailability of alpha tocopherol (α-TCP) to be higher than α-tocotrienol. Despite its low concentration, tocotrienol is more eff ective than tocopherol in protecting cells from oxidative stress [11] . It is of a particular interest that the slight structural diff erences between tocopherol and tocotrienol can account for the greater physiological activities found in tocotrienol.
Tocotrienol rich fraction (TRF) is an extract of palm oil, and consists of 25 of α-TCP and 75 tocotrienols. TRF has been shown to possess potent antioxidant [12, 13] , anti-infl ammatory [14] , anticancer [15] [16] [17] , neuroprotection [10, 18] , and cholesterol-lowering [19] [20] [21] activities. Crude palm oil extracted from the oil palm fruits (Elaeis guineensis) mostly comprises huge volume of tocotrienols (about 800 mg/kg), which mostly contain γ-tocotrienol, α-tocotrienol, and δ-tocotrienol. Other sources for tocotrienols are from barley, rice bran, rye, and wheat germ. Refi ned palm oil contains about 350-440 ppm of vitamin E, which consists of tocopherol (30) and tocotrienol (70) [22] .
Th e eff ects of tocotrienols and tocopherols against glutamate injury in neuronal cells have been extensively studied [22] ; however, to our knowledge, there is still lack of information on their eff ects in astrocytes. It is expected that the prophylactic and preventive functions of tocotrienols and tocopherol in neurodegeneration could be achieved and there could be possibilities of eff ective nutrition based therapeutics usages.
In addition, the use of vitamin E for the management of Alzheimer' s disease is progressively becoming a topic of interest. Vitamin E treatment has been shown to slow the development of Alzheimer' s disease [23] , and might off er a therapeutically relevant solution. Vitamin E also prevents oxidative stress related cell death [24] . Although the eff ects of vitamin E on neuronal cells have been well documented, knowledge on astrocytes is still lacking and the concern on astrocytes could promote better protection to neuronal cells. Our brain is made up of billions of neurons, which are loyally supported by glial cells (astrocytes). Th erefore, in order to function well, these neurons need astrocytes, as astrocytes support the function of neuronal in transmitting messages. 
MATERIALS AND METHODS

Media
MTT assay
Once the treated cells were incubated for 24 hours, MTT assay was carried out to determine the percentage of cells viable upon vitamin E supplementation against glutamate insult. Th is assay was carried out in two diff erent conditions: pre-and post-treatments. Pre-treatment is defi ned as astrocytes were exposed to 100, 200, and 300 ng/mL of TRF and α-TCP before glutamate injury. Meanwhile, in post-treatment, the cells had undergone glutamate challenge before they were treated with various types and concentrations of vitamin E. Th e procedure of MTT assay was carried out by adding 50 μL of MTT into each well and was incubated for 4 hours. After that, all the contents of the well were removed with a syringe before 100 μL of DMSO was added into each well. Th e data related to absorbance, which refl ected the viability of the cells, were taken at 570 nm with a background value at 630 nm by using the microplate reader [11] . Th e graph of the viability of the cells against vitamin E was plotted.
Mitochondria membrane potential assay (MMP assay)
Th e treated cells were incubated for 24 hours, and MMP assay was conducted as another indicator for the survival of cell upon the supplementation of vitamin E and glutamate challenge. On the third day (after seeding and treatment), the cells were washed with PBS and were stained with 50 μL Rhodamine 123 for 30 minutes. Rhodamine 123 is known as a fl uorescent detection dye, as it will bind to the mitochondria of cells and inhibit electron transport chain (ETC). Th us, in healthy mitochondria, more Rhodamine 123 was needed in order to stop the process of ETC and to give high density of fl uorescent detection. After 30 minutes of incubation with dye, the cells were washed with PBS and were read through a fl uorescent microplate reader at a wavelength of 485 nm and emission at 530 nm [25] . Th e graph of mitochondrial membrane potentiality against vitamin E was plotted.
Th iobarbituric acid-reactive substance (TBARS) assay
Th e treated cells were washed with PBS twice and were trypsinized. Th e collected cells were sonicated in ice in a sonicator for a minute. After the addition of TBA and TCA, the cells were vortexed and were heated at 80 o C for 40 minutes. After heating, the mixture was cooled to room temperature, and 50μL of 1-butanol was added. Th en, the supernatant was transferred to respective eppendorf tubes, and was centrifuged at 6,000 rpm for 5 minutes at 4 o C. After that, the pinkish supernatant was transferred to respective cuvette, and was read by a spectrophotometer at 535 nm to measure the concentration of malondialdehyde. Th e purpose of TBARS assay was to study the eff ects of TRF and α-TCP in quenching lipid peroxidation in the glutamate injured astrocytes.
Annexin V-FITC and PI staining assay Quantitative morphological analysis was executed via Annexin V FITC apoptosis detection kit according to the protocol provided by the manufacturer. Astrocytes were seeded in 6 well plates at a density of 5 × 10 5 cells/mL. On the following day, the astrocytes were pre-and post-treated with various concentrations of vitamin E. Th e harvested cells were resuspended in 1x binding buff er. Subsequently, 5 μL of Annexin V-FITC, and 5 μL of PI were added into 100 μL of cells suspension, which were then incubated for 15 minutes in the dark. Next, it was followed by an addition of 400 μL ice-cold 1X binding buff er, and the solution was mixed gently. Th e samples were quantitatively analyzed using a fl ow cytometer (LSR Fortessa, USA).
Scanning electron microscopy
Th e astrocytes that were exposed to 200 ng/mL of TRF and α-TCP were subjected to scanning electron microscopy analysis to observe the morphological changes upon glutamate challenge. Th e cells that were grown on coverslips in 6 well plates were transferred to petri dishes and were fi xed in 4 glutaraldehyde (Agar scientifi c, UK) for 4 hours at 4°C. Th en, the samples were washed (0.1 M sodium cacodylate buff er), were post-fi xed (1 osmium tetroxide Agar Scientifi c, UK), and were dehydrated (20-90 alcohol, ChemAR® Systerm, Malaysia) before they were placed on a critical point dryer for 30 mins (Bal-tec CPD 030, Germany). After that, mounting was carried out by sticking the samples onto stubs. Finally, the specimens were gold coated in a sputter coater (Bal-tec SCD 005, Germany), prior to view under a variety of pressures via scanning electron microscope (Leo 1455 VPSEM attached with energy dispersive X-ray (EDX).
Cell cycle analysis (RNase/PI assay) Astrocytes were collected 24 hours after pre-and post-treatment of vitamin E and were washed with PBS. Th e pellets were fi xed in 70 ice cold ethanol and were kept overnight. Ethanol was removed through centrifugation (1200 rpm, 5 mins) and the pellets were washed thoroughly with PBS twice. Th e astrocytes pellets were resuspended in 425 μL of PBS, 50 μL of 1mg/mL RNase, and 25 μL of 1 mg/mL PI. Th is was followed by incubation of pellet mixture for 30 mins in dark, and the DNA contents of the cells were analyzed using a fl ow cytometer (BD Facs Calibur, USA) with cell quest pro software.
Data analysis
All the data retrieved were reported as the mean ± SEM. As for statistical analysis, one way analysis of variance (ANOVA) was used and Tukey' s test was carried out for comparison in each treatment concentration using SPSS (Version 17.0, SPSS Inc., Chicago, IL, USA). A p-value less than 0.05 was considered as statistically signifi cant.
RESULTS
Cell viability of glutamate-injured astrocytes against vitamin E treatment
Th e microvolume of tetrazolium test (MTT) assay is a potential indicator of the viability of cells, as it was used to evaluate the activity of enzyme within the mitochondria, which can reduce the yellow MTT solution to purple formazan [26] . Th e eff ects of TRF and α-TCP upon glutamate induced cytotoxicity were evaluated via MTT cell viability assay. Exposure to 180 mM of glutamate in astrocytes caused inhibition of cell viability approximately about 60. In this study, TRF and α-TCP were pre-incubated for 5 minutes for pre-treatment purposes. Short pre-incubation time (5 mins) was used to compare the effi ciency between TRF and α-TCP uptake. Pre-treatment with 100, 200, and 300 ng/mL of TRF and α-TCP increased the viability of the cells signifi cantly with an average of 50.72, 52.96, 49.02, and 58.94, 60.24, 59.50 respectively (Figure 1 ). Th is suggests that TRF and α-TCP, at low concentration and short pre-incubation period, exert potential prophylactic eff ect against the toxicity of glutamate in astrocyte. Th e proliferation rate for 100, 200, and 300 ng/mL of TRF treated cells were 53.13, 60.81, and 58.79 respectively, and it had been noticed in post-treatment as the TRF and α-TCP were given after 30 minutes incubation of glutamate. Meanwhile, α-TCP exhibited 59.46, 60.12, and 57.29 of cell survival after glutamate challenge (Figure 1 ).
Eff ects of vitamin E in preserving mitochondrial membrane potential of astrocytes after glutamate excitotoxicity A pre-treatment study of mitochondrial membrane potential (MMP) assay elucidated the eff ects of vitamin E at 100, 200, and 300 ng/mL in preventing mitochondrial injury from glutamate toxicity. Figure 2 shows the results of pre-treatment of this assay with TRF and α-TCP, which indicated that MMP reached at 75.58, 68.17, and 69.92, and at 54.41, 75.69, and 66.56 respectively. TRF and α-TCP, at low concentration and 24 hours of pre-incubation, exerted better prophylactic properties against the toxicity of glutamate in astrocytes. Nevertheless, 100 ng/mL of TRF and 200 ng/mL of α-TCP gave the highest MMP value.
Next, a post-treatment of MMP assay was carried out to determine recovery eff ects of vitamin E upon glutamate insult in astrocytes. From the analysis carried out (Figure 2) , both TRF and α-TCP showed increased MMP upon glutamate challenge. Th e MMP reached 60.81, 66.28, and 54.88 for TRF with 100, 200, and 300 ng/mL respectively. α-TCP treatment showed MMP values of 53.78, 64.44, and 53.77 at 100, 200, and 300 ng/mL respectively. Both TRF and α-TCP at low concentrations, which were 100 to 300 ng/mL, were able to prevent the decrease in the level of MMP for glutamate injured astrocytes.
Reduction of lipid peroxidation in glutamate treated astrocytes upon vitamin E treatment Th e resultant oxidative stress was evaluated by identifying the level of lipid peroxidation via Th iobarbituric acid reactive substances (TBARS) assay. Measurement of malondialdehyde (MDA) was used as an indicator of lipid peroxidation. From the results depicted in Table 1 , the concentration of MDA per protein in pre-treated astrocytes decreased signifi cantly to 0.2031, 0.1947, and 0.1061 of MDA (μM/mg) at 100, 200 and 300 ng/mL TRF treatment respectively when compared to positive control. As for 100-300 ng/mL α-TCP, the MDA concentration decreased to 0.3040, 0.1643, and 0.1239 (μM/mg). In the pre-treatment study of TBARS assay, 300 ng/mL of TRF exhibited high potential in reducing MDA concentration per protein.
Overall, Vitamin E pre-treated astrocytes displayed lower MDA concentration per protein than glutamate injured cells, which proved the potential prophylactic eff ects of TRF and α-TCP [27] .
Furthermore, the post-treatment of TRF and α-TCP showed reduction in the concentrations of MDA per protein (μM/mg) against glutamate induced injury in astrocytes. Th e concentrations of MDA reduced to 0.5271, 0.4671, and 0.5247 MDA (μM/mg) at 100, 200, and 300 ng TRF treatment respectively, as compared to neurotoxic agent glutamate induced sample. As for α-TCP, the values of MDA decreased to 0.7759, 0.4128, and 0.1938 at 100-300ng/mL α-TCP. In the post-treatment study, 200 ng/mL of TRF and 300 ng/mL of α-TCP demonstrated a signifi cant diff erence with the positive control. Post-treated astrocytes showed prominent reduction in the concentration of MDA per protein in both TRF and α-TCP treated groups.
TRF and α-TCP prevented glutamate induced cell death in astrocytes
In the pre-treatment study of annexin V-FITC apoptosis detection assay, the control showed 90.87 of viable cells, while glutamate treated group exhibited reduction in cell viability to FIGURE 1. Eff ect of vitamin E pre and post treatment on astrocytes against 180 mM glutamate on cell viability. Data is presented as mean ± SEM of 3 independent experiments (n=3 in each experiment). *p<0.05, vitamin E treated groups compared with glutamate treated group.
39.77. Both TRF and α-TCP treated samples showed increment in cell viability compared to glutamate treated group. Concentration of 200 ng/mL of TRF portrayed the highest viability rate of 61.30 in this pre-treatment study. Th e number of cells that had undergone apoptosis and necrosis were lower in the untreated sample, as compared to glutamate induced model. By pre-treating the astrocytes with various concentrations of vitamin E, it can be clearly seen from Figure 3 that apoptotic and necrotic rates in vitamin E supplemented samples were lesser than those in glutamate injured group.
A post-treatment of this apoptosis test showed 92.47 of cell viability for untreated cells, whereas the cell viability decreased to 43.83 for glutamate induced astrocytes. Both TRF and α-TCP treated samples increased the percentage of cell viability. As for TRF and α-TCP, concentration of 200 ng/mL exhibited higher percentage of cell viability in post-treatment. On the other hand, the glutamate treated cells had undergone higher apoptosis and necrosis rates than the untreated cells. Th e post-treated astrocytes with TRF and α-TCP had improved cell viability and decreased the number of cells that went through apoptosis and necrosis phases, as shown in Figure 4 . Representative fl owcytometric quadrants are shown in Figure 5 Morphological analysis of astrocytes via scanning electron microscopy Apart from fl owcytometric annexin V-FITC apoptosis detection assay analysis, the eff ects of vitamin E were also examined morphologically via scanning electron microscopy. Visible diff erence was noticed in the morphology of untreated sample with glutamate treated and vitamin E supplemented groups. Th e untreated cells possess smooth, fi nite, and rigid surface area with good cell membrane integrity (Figure 6a ). Cells treated with 180 mM glutamate alone showed damage evidenced by blebbing, rounded appearance, irregular plasmalemma, and loss of refraction fi bers (Figure 6b ). Cells that were pre-and post-treated with 200 ng/mL TRF and α-TCP had similar appearance to control cells (untreated), although 

many contained fragmented processes and blebs. Cellular debris was also noted (6c-6f ).
Neuroprotective eff ects of vitamin E on cell cycle phases after exposure to glutamate toxicity Based on Table 2 , the cell cycle is divided into three distinct phases, which are G1, S, and G2 or M phases. In the pre-treatment study, the untreated sample illustrated the percentages of cell accumulation for astrocytes with 46.68, 36.63, and 16.69 in G1, S, and G2/M phases respectively. Meanwhile, for glutamate injured cells, the results of cell accumulation were 37.25, 23.11, and 39.64. Vitamin E in pre-treated astrocytes resulted in the increase of cell population in S and G2/M phases when compared to glutamate induced sample.
In the post-treatment study, the control expressed 43.55, 37.39, and 19.74 of cell accumulation, whereas glutamate treated sample populated 32.27, 28.59, and 39.14 of astrocytes in G1, S, and G2/M phases accordingly. Cell accumulation with the addition of TRF and α-TCP increased the quantity of cells in G2/M and S phases. Similar pattern of fi ndings were obtained for both pre-and post-treatment studies.
DISCUSSION
Th e MTT fi ndings refl exed that TRF and α-TCP at low concentrations, which were 100 to 300 ng/mL, restored the glutamate-injured astrocytes from injury. Previous studies on neuronal cells reported that 100 nM of α-tocotrienol introduced after 60 minutes of glutamate exposure, but not 90 minutes, showed almost complete protection [10] . In addition, 100 μg/mL and 250 μg/mL of vitamin E protected PC12 neuronal cell from glutamate toxicity in vitamin E co-treatment with increment of more than 20 of cell viability [11, 28] . Furthermore, in both pre-and post-treatment studies, 200 ng/mL of α-TCP showed signifi cant neuroprotective eff ects due to its higher bioavailability and greater uptake via α-TTP. According to a study conducted by Saito et al., 2010 [11] , longer incubation time allowed better cytoprotective eff ect of tocopherol than tocotrienol. Injured astrocytes may utilize tocopherol in advance due to higher affi nity to α-TTP. Apart from that, both TRF and α-TCP exerted similar protective eff ects with 20 of increased cell viability. Th is fi nding was consistent with the previous studies that reported tocotrienol and tocopherol showed similar capacities for cytoprotection against glutamate challenge [11] .
Besides, in both pre-and post-treatment studies of astrocytes, 100 ng/mL of TRF and 200 ng/mL α-TCP exhibited signifi cant diff erence in mitochondrial membrane protection compared to glutamate insulted astrocytes. Lipidsoluble antioxidant retained in membrane more eff ectively than hydrophilic antioxidant [11] . Hence, vitamin E can give better neuroprotective eff ects towards damaged mitochondria of astrocytes. Moreover, TRF possesses a special conformation in the membrane of phospholipid bilayer due to its unsaturated phytyl tail [22] . Other than that, the side chain features also enable more effi cient penetration into tissues with high level of saturated fatty acid, such as the brain. Nanomolar concentrations of α-tocotrienol, in contrast with α-TCP, have the ability to protect against glutamate-induced neuronal death by suppressing inducible pp60 c-Src kinase activation [22] . 

Lipid peroxidation assay measured the concentration of MDA as the level of lipid peroxidation. Th e pre-and post-treatments of TRF and α-TCP showed potential protection against glutamate challenge. Both TRF and α-TCP treated cells had low MDA concentration and the diff erence was signifi cant in comparison with glutamate injured astrocytes. Th is study also specifi ed prophylactic eff ect of vitamin E in scavenging ROS. Concentration of 300 ng/mL of TRF presented high potential in reducing MDA concentration per protein in pre-treatment study of TBARS assay. Th e effi ciency of TRF is highly related to its better distribution in fatty layers of membrane. TRF did manage to penetrate through the cell membrane effi ciently, hence, could protect the cells from oxidative stress caused by glutamate [29] . A previous study conducted by Long et al. , [30] showed that the accumulation of MDA while aging can cause mitochondrial dysfunction by inhibiting mitochondrial respiration and enzyme activity. Th us, with supplementation of various doses of TRF and α-TCP, the concentration of MDA decreases, and subsequently, causes cell viability augmentation.
In the study of vitamin E, astrocytes were treated with 180 mM of glutamate that caused approximately 60 of cell death. Flowcytometric annexin V-FITC analysis revealed that glutamate injured cells showed lower cell viability and higher apoptotic rate, meanwhile the untreated sample exhibited higher cell viability and lower amount of cell death. Th erefore, this results indicated that 180 mM glutamate was toxic to astrocytes. However, the pre-and post-treatments of various concentrations of vitamin E presented better survivability and low cell death rates against glutamate neurotoxicity in astrocytes. α-TCP and TRF protected the cells from rapidly undergoing cell death induced by glutamate by preventing PS translocation, thus, the cell membrane remained intact. Previous research fi ndings showed that at a concentration less than 10 μM, γ-tocotrienol has been reported to improve cell viability signifi cantly against H2O2-induced apoptosis in primary astrocytes [31] , primary cerebellar neurons [32] , as well as in primary rat cortical neurons, and human neuroblastoma cell line [33] . Th e morphological fi ndings obtained from scanning electron microscopy were well in accordance to the other research studies [34] .
In addition, astrocytes treated with 180 mM of glutamate may induce impairment of DNA, protein, and chromatin, and subsequently, result in oxidative stress. Oxidative stress could be one of the mechanisms responsible for cell cycle re-entry [35] . In this study, astrocytes may re-enter the cell cycle to repair the damages occurred due to glutamate insult. Otherwise, badly injured cells might initiate cell death if the damage is too extensive to be repaired [36] . From the results obtained, it showed that vitamin E acts as a potent antioxidant as it can actually enhance the synthesis of DNA (S phase) and the recovery/repair of DNA (G2/M) in glutamate injured cells.
On the other hand, the role of astrocytes in promoting neuronal survival and recovery, following a cerebral insult, is becoming increasingly appreciated. Astrocyte, a subtype of glial cell, is known to protect neuronal cells against oxidative stress through transcriptional upregulation of glutathione synthesis and removal of extracellular glutamate [37] [38] [39] . Besides, studies have shown that the death of astrocytes after ischemia or reperfusion may strongly aff ect neuronal survival due to the absence of trophic and metabolic support to neuronal cells and astrocytic glutamate uptake [40] . Th erefore, the cytoprotective eff ect of vitamin E against glutamate induced astrocytes is of our interest in order to maintain homeostasis for the neuronal cells in the brain.
Th ere are several limitations of this study. Mechanisms of action of both TRF and α-TCP in elucidating astrocytes recovery upon glutamate insult need to be strongly validated via genomic studies. However, further studies are currently conducted by our research group to determine the eff ects of vitamin E in down regulating the expression of traumatic brain injury markers in glutamate induced astrocytes.
In conclusion, revealing a perfect therapy/compound that can protect people who are suff ering from nerve disorders is the big concern worldwide. Currently, studies have revealed that astrocyte, supportive cell of neuronal, play an important role in the survival of neuronal cells. Earlier, more focus was given to fi nd substance or compound that can provide protection for the neurons against oxidative stress. Only in the last few years, scientists have found out that astrocytes play a more important role rather than just to provide support to the neurons. Th is study demonstrated that vitamin E (both TRF and α-TCP) is competent in preventing glutamate induced injury and death in astrocytes. In the nervous system, the astrocytes are in close interaction with the neuronal cells, and therefore, by ensuring the survival of astrocytes from oxidative stress, it is expected that the neurons are also protected. Hence, understanding the dosages, as well as the prophylactic role of vitamin E, is rather crucial in minimizing neurodegeneration that is off ered by nutrition-based therapy. It is obvious that palm TRF and α-TCP possess the prospective to be developed as a measure for the management of neurodegenerative diseases.
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